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The aim of this paper is to investigate the convergence of the expected squared
hedging error of the two-asset option which induced by discretely rebalanced hedge
portfolio of a Delta-Gamma strategy. The Delta-Gamma strategy is a strategy where
the hedge portfolio is made both Delta and Gamma neutral using two underlying
assets and their corresponding derivatives as hedge instruments.We consider European
call options as instruments with sufficiently smooth payoff functions in a Black-scholes
market, where the hedge portfolio is rebalanced on an equidistant grid. The rate of
convergence of the expected squared hedging error as the number of adjustments of
the hedge portfolio goes to infinity is analyzed. We have known the Delta-Gamma
strategy of a single option produced higher convergence rates than the usual delta
strategy.In this paper,we find that the Delta-Gamma strategy of the two-asset option
also produces higher convergence rates than the usual delta strategy.
Key words: Delta-Gamma hedging；discrete time hedging； two-asset option； rate



























𝐹 = 𝑥Φ(𝑑1)−𝐾Φ(𝑑2) (1-1)
其中
𝑑1 : 𝑑1(𝑥, 𝜏) =







𝑑2 : 𝑑2(𝑥, 𝜏) =






= 𝑑1 − 𝜎
√
𝜏
Φ(·)为正态累计概率，𝜏 = 𝑇 − 𝑡，𝑟为无风险利率，𝑇为到期时刻，𝐹为𝑡时刻期权价
格，𝐾 > 0为执行价格，𝜎 > 0为股价波动率。
则欧式看涨期权的Delta为：













































































































































𝑑𝑋𝑡 = 𝜎1𝑋𝑡𝑑𝑊1𝑡，𝑑𝑌𝑡 = 𝜎2𝑌𝑡𝑑𝑊2𝑡
其中𝑋0 = 𝑥0，𝑌0 = 𝑦0，波动率𝜎1 > 0，𝜎2 > 0为常数。{𝑊𝑖𝑡}𝑡≥0(𝑖 = 1, 2)为一
维Wiener过程，二者相互独立。
现在考虑一份𝑇1时刻到期的两资产期权合约，价值记为𝐹1，赔付函数
为Φ1(𝑥, 𝑦) = (𝛼1𝑥+𝛼2𝑦−𝐾1)+，其中𝛼1 > 0，𝛼2 > 0，𝛼1+𝛼2 = 1，𝐾1 > 0为合约到
期执行价格。我们用标的资产𝑋、𝑌，以及衍生品𝐹2、𝐹3来复制这份合约。其中𝐹2只
是风险资产X的衍生品，其赔付函数为Φ2(𝑥) = (𝑥−𝐾2)+，到期时间记为𝑇2，到期执
行价格为𝐾2 > 0；𝐹3只是风险资产Y的衍生品，其赔付函数为Φ3(𝑦) = (𝑦 −𝐾3)+，到




Φ1(𝑥, 𝑦) = (𝛼1𝑥+ 𝛼2𝑦 −𝐾1)+
Φ2(𝑥) = (𝑥−𝐾2)+
Φ3(𝑦) = (𝑦 −𝐾3)+
且 𝑇1 < 𝑇2 ≤ 𝑇3。

























𝑡 𝑋𝑡 + ℎ
𝑌








𝐹1(𝑡,𝑋𝑡, 𝑌𝑡) = ℎ
𝑋
𝑡 𝑋𝑡 + ℎ
𝑌



















𝐹1,𝑥𝑥(𝑡,𝑋𝑡, 𝑌𝑡) = ℎ
2
𝑡𝐹2,𝑥𝑥(𝑡,𝑋𝑡)
𝐹1,𝑦𝑦(𝑡,𝑋𝑡, 𝑌𝑡) = ℎ
3
𝑡𝐹3,𝑦𝑦(𝑡, 𝑌𝑡)
𝐹1,𝑥𝑥𝑥(𝑡,𝑋𝑡, 𝑌𝑡) = ℎ
2
𝑡𝐹2,𝑥𝑥𝑥(𝑡,𝑋𝑡)











































𝑑𝐹3(𝑡, 𝑌𝑡) + 𝐹1(0, 𝑋0, 𝑌0)








































𝐹3,𝑦(𝑡, 𝑌𝑡)𝑑𝑌𝑡 + 𝐹1(0, 𝑋0, 𝑌0)





易给出𝐹1(𝑡, 𝑥 | F 𝑌𝑇1)，𝐹2(𝑡, 𝑥)，𝐹3(𝑡, 𝑦)的定价公式（见第三章），由定价公式不难得
到以下引理：
引理2.1：对于𝐹𝑖(𝑖 = 1, 2, 3)一阶导数，存在有界常数C，使得
|𝐹2,𝑥(𝑡, 𝑥)| ≤ 𝐶， ∀(𝑡, 𝑥) ∈ [0, 𝑇2]× R+；
|𝐹3,𝑦(𝑡, 𝑦)| ≤ 𝐶， ∀(𝑡, 𝑦) ∈ [0, 𝑇3]× R+；
|𝐹1,𝑥(𝑡, 𝑥 | F 𝑌𝑇1)| ≤ 𝐶， ∀(𝑡, 𝑥) ∈ [0, 𝑇2]× R+；









∀(𝑡, 𝑦) ∈ [0, 𝑇3]× R+
|𝑥𝑝𝐹1,𝑥𝑥(𝑡, 𝑥 | F 𝑌𝑇1)| ≤
𝐶
(𝑇1 − 𝑡)1/2
∀(𝑡, 𝑥) ∈ [0, 𝑇1]× R+
|𝑦𝑝𝐹1,𝑦𝑦(𝑡, 𝑦 | F𝑋𝑇1)| ≤
𝐶
(𝑇1 − 𝑡)1/2































∀(𝑡, 𝑥) ∈ [0, 𝑇1]× R+
⃒⃒⃒⃒





∀(𝑡, 𝑦) ∈ [0, 𝑇1]× R+
引理2.4：𝐻1条件下，存在常数C使得，
E[𝐹 22,𝑥𝑥𝑥(𝑡, 𝑥)𝑋6𝑡 𝜎61] ≤
𝐶
(𝑇2 − 𝑡)3/2
E[𝐹 23,𝑦𝑦𝑦(𝑡, 𝑦)𝑌 6𝑡 𝜎62] ≤
𝐶
(𝑇3 − 𝑡)3/2












































































































(ℎ2𝑡 − ℎ2𝜙𝑛(𝑡))𝑑𝐹2(𝑡,𝑋𝑡) +
∫︁ 𝑇1
0
(ℎ3𝑡 − ℎ3𝜙𝑛(𝑡))𝑑𝐹3(𝑡, 𝑌𝑡)
下面的命题给出我们的主要结果，它表明由该种方法去对冲两资产期权得到的对冲
误差平方的期望当𝑛 → ∞时以𝑛− 32的速度趋近于0。
命题1：假设𝐻1条件满足，则有












































(ℎ2𝑡 − ℎ2𝜙𝑛(𝑡))𝑑𝐹2(𝑡,𝑋𝑡) +
∫︁ 𝑇1
0
(ℎ3𝑡 − ℎ3𝜙𝑛(𝑡))𝑑𝐹3(𝑡, 𝑌𝑡)
且 𝑑𝐹2(𝑡,𝑋𝑡) = 𝐹2,𝑥(𝑡,𝑋𝑡)𝑑𝑋𝑡， 𝑑𝐹3(𝑡, 𝑌𝑡) = 𝐹3,𝑦(𝑡, 𝑌𝑡)𝑑𝑌𝑡，













[(ℎ𝑌𝑡 − ℎ𝑌𝜙𝑛(𝑡)) + (ℎ
3




= E1 + E2
只讨论第一部分E1，第二部分E2的讨论同理。
记𝑔(𝑡, 𝑥, 𝑦) = 𝐷2(𝑡, 𝑥, 𝑦)𝑋2𝑡 𝜎
2
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